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The climate change perturbation tool KU Leuven can be used freely provided that the 
following source is acknowledged:  
 
 
Ntegeka V., Willems P., Roulin E., Baguis P., 2014. Developing tailored climate 
change scenarios for hydrological impact assessments. J. Hydrol. 508C, 307–321. 
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Symbols and abbreviations 
ETo  Evapotranspiration 
GCM  Global climate model 
P   Rainfall 
PET [mm/s] Potential evapotranspiration 
PF  Perturbation factor 
Re [J/m²/s] Extraterrestrial radiation 
RCM  Regional climate model 
Stn  Station within a catchment 
T  Mean daily temperature 
Tmin  Mean daily minimum temperature 
Tmax  Mean daily maximum temperature 
WS  Wind speed 
   
λ [J/kg] Latent heat flux (2.45 106 J/kg) 
ρw  [kg/m³] Density of water (1000 kg/m³) 
 
  
 INTRODUCTION | 5 
 
1 Introduction 
Within the scope of the CCI-HYDR project on “Climate change impact on hydrological 
extremes in Belgium” for the Belgian Science Policy Office (Belspo), that ended in 2010, a 
first version of this Climate Perturbation Tool was developed (Ntegeka & Willems, 2009). It 
was based on tailored climate scenarios for climate change impact analysis on hydrological 
extremes in Belgium (Ntegeka et al., 2014). Historical time series of precipitation and/or 
temperature, potential evapotranspiration (ETo) and wind speed are by the tool modified 
based on the climate scenarios following an advanced version of the quantile perturbation 
approach (Ntegeka et al., 2014; Willems & Vrac, 2011; Willems, 2013). The latter approach 
is a technique for statistical downscaling. The tool hence produces perturbed historical 
series, which are representative for the future climate in Belgium. Time horizons till 2100 
can be considered. The perturbed time series can be applied as inputs to models, e.g. 
hydrological models of river catchments, to simulate and assess future impacts of climate 
change. For more information or examples on how this can be done, the reader is referred 
to e.g. Vansteenkiste et al. (2014) for river catchment hydrological impact analysis, and 
Willems (2013) for urban drainage impact analysis.  
 
The current tool (version 2015) differs from earlier versions as it has been made available 
for hydrological impact modelers in other parts of the world. Given the availability of RCM 
and GCM output time series, the tool can automatically calculate the quantile perturbations 
and perturb historical time series following the quantile perturbation approach. This can be 
done for each of the individual climate model runs. For Belgium, the tailored climate 
scenarios for impact analysis on hydrological extremes (wet winter, wet summer, mean, 
dry) can still be used as well. The scenarios for Belgium were updated based on the latest 
CMIP5 based climate model runs (Tabari et al., 2014; Tabari et al., 2015). In comparison 
with the previous versions of the tool that were workbooks in MS Excel, the current tool has 
been programmed in R.      
2 What does the program do? 
The tool perturbs or changes the input series of precipitation, ETo, temperature and wind 
speed. For precipitation, both changes in the wet and dry day frequencies and changes in 
the precipitation intensities are considered. The changes in precipitation intensities are 
quantile based to account for the fact that the changes might depend on the magnitude or 
return period of the event. ETo, temperature and wind speed series are transformed by 
applying monthly average changes. 
 
Given the availability of RCM and/or GCM output time series, climate change signals – 
here called perturbations (factors or absolute changes) – are calculated for each climate 
model run. Subsequently each of the input series will be perturbed with these perturbations. 
 
For Belgian applications the user can perturb the input series with the perturbation factors 
of Uccle (version 2015). 
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3 Temporal and spatial scales 
The tool can handle time series with a time step from daily to sub daily scales (12h, 6h, 3h, 
1h, 30min, 20min, 15min, 10min). The scenarios were mainly developed for catchments up 
to 1000 km². This means that they can be applied to time series representing 
meteorological data at a point, or several locations in a catchment or limited region, or for 
catchment averaged data (e.g. catchment areal precipitation). Within the catchment a 
perfect spatial correlation between all the locations is assumed. Newly defined wet or dry 
days are hereby situated at the same time position within the time series of each station. 
4 Provided time horizons 
The output of the tool are time series of the same length as the series provided to be 
perturbed by the tool. The perturbation is done for a given time horizon in the future. Target 
years equal to 2020, 2025, 2030, 2035, 2040, 2045, 2050, 2055, 2060, 2065, 2070, 2075, 
2080, 2085, 2090, 2095 and 2100 can be selected.  
5 Hydrological impact scenarios Belgium 
For Belgium, next to the perturbations for each of the climate model runs individually, also 
the tailored climate scenarios for hydrological impact analysis including extremes, can be 
applied. These are based on the combined changes and effects of precipitation, 
temperature and ETo, and consist of the following four scenarios: “high winter scenario”, 
“high summer scenario”, “mean scenario” and “low scenario” (Ntegeka et al., 2014). The 
“high winter scenario” projects futures with wet winters (frontal rainfall) and dry summers, 
while the “high summer scenario” projects dry winters and wet summers (convective storm 
rainfall). The “low scenario” projects a future with dry winters and summers. (Ntegeka et 
al., 2014; Vansteenkiste et al., 2014). The current version of the tool makes use of the 
latest generation climate models (CMIP5 based; Tabari et al., 2014, 2015). 
 
The risk associated with flooding is most critical for the high impact scenarios, whereas the 
low scenario is most critical for droughts and related low flows. Users are encouraged to 
consider all the four impact scenarios to account for the overall uncertainty in the climate 
scenarios.  
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6 Limitations 
The rainfall changes embedded in the program were based on climate model output time 
series with length of around 30 years. This implies that longer time periods required for 
high return period perturbations are not directly available. Time series longer than 30 years 
can be perturbed but these perturbations are not more accurate than for time series of 30 
years or less.  
7 Procedure for running the program 
7.1 Structure Climate Perturbation Tool KU Leuven 
Figure 1 represents the structure of the perturbation tool after extraction of the “Climate 
Perturbation Tool KU Leuven.zip” file.  
 
 
Figure 1 Structure Climate Perturbation tool  KU Leuven 
7.1.1 Folder 2: Input series 
The input series should be stored as text files in Folder 2. Please keep in mind following 
format: 
 
No blank space is allowed at the end of the text files. 
 
Time  format: yyyy-mm-dd hh:mm  
• Folder 1: Graphical user interface
• Folder 2: Input series
• Folder 3: Information about the pertubation request
• Folder 4: Pertubation factors
- Folder 4A: Pertubation factors Uccle
- Folder 4B: GCM/RCM results for P, T, WS
- Folder 4C: GCM/RCM results for ETo-calculation 
Input
• Folder 5: Source files
Tool
• Folder 6: Perturbed series
Output
• Folder 7: Documentation
Documentation
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If sub daily scales are used, the time series should not end during the time span of the last 
day.   
Example 1: time step = 1h; the last time notification should be 2015-06-30 23:00 
Example 2: time step = 15 minutes; the last time notification should be 2015-06-30 23:45 
 
 
Naming of text files: 
 Rainfall series – perturbation at  “catchment” scale:  
Variable rainfall: P_Stn1, P_Stn2, P_Stn3, …   
Corresponding time: time_P  
(All the series of the stations should have an identical length and time step ) 
 
 Rainfall series – perturbation at  “point” scale:  
Variable rainfall: P1, P2, P3, …  
Time: time_P1, time_P2, time_P3, … 
(if only one series: P1 & : time_P1) 
 
 ETo, temperature and wind speed series: The naming is similar to that one of the 
rainfall series – perturbation at “point scale”: “P” will be replaced by “ETo” (potential 
evapotranspiration) , “T” (temperature) and “WS” (wind speed).  
7.1.2 Folder 3: Information about the perturbation request 
Information is provided about the perturbation request, such as the variables to be 
perturbed, the number of series, the target scenario year, the spatial scale for the rainfall 
perturbation, etc. These are stored in Folder 3. More information about the values in 
“information.txt” is included in Table 1 on p.14. 
7.1.3 Folder 4: Perturbations 
The climate change signals (perturbations) will be determined based on the stored GCM 
and/or RCM results in Folder 4B or Folder 4C (specifically for ETo). If GCM and/or RCM 
results are available for both the control as the scenario period for a variable, the results 
should be included in text files according to the following format: 
 
The name of the model should be positioned on the first line in all the text files and no blank 
space is allowed at the end of the text files. 
 
For each future climate model run, the historical climate model run should be defined. The 
coupling occurs with the same index (see example on p.9). 
 
Time format: yyyy-mm-dd 
 
Naming of text files: 
 Rainfall:  
Variable rainfall:  
values_GCMRCM_1_P_contr, values_GCMRCM_1_P_scen, 
values_GCMRCM_2_P_contr, values_GCMRCM_2_P_scen,… 
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Time:  
time_GCMRCM_1_P_contr, time_GCMRCM_1_P_scen, 
time_GCMRCM_2_P_contr, time_GCMRCM_2_P_scen,… 
 
 Temperature and wind speed: The naming is similar to that one of the rainfall: “P” 
will be replaced by “T” (mean daily emperature T), “Tmin” (mean daily minimum 
temperature), “Tmax” (mean daily maximum temperature Tmax) and/or “WS” (wind 
speed).  
 
 Example:  
-“eu_pr_day_BNU-ESM_historical_r1i1p1_19610101-19901231” (time and rainfall 
values for the historical period) 
-“eu_pr_day_BNU-ESM_rcp26_r1i1p1_20710101-21001231” (time and rainfall 
values for the future period, rcp 2.6) 
-“eu_pr_day_BNU-ESM_rcp45_r1i1p1_20710101-21001231” (time and rainfall 
values for the future period, rcp 4.5) 
 
Separate the rainfall values and the months. Make text files with the time and 
rainfall values of the climate model run “eu_pr_day_BNU-
ESM_historical_r1i1p1_19610101-19901231”: 
“values_GCMRCM_1_P_contr.txt”,“time_GCMRCM_1_P_contr.txt”, 
“values_GCMRCM_2_P_contr.txt”,“time_GCMRCM_2_P_contr.txt”. 
(Two versions are required as there are two future climate model runs.) 
 
Make text files with the time and the rainfall values of the climate model run 
“eu_pr_day_BNU-ESM_rcp26_r1i1p1_20710101-21001231”: 
“values_GCMRCM_1_P_scen.txt”,“time_GCMRCM_1_P_scen.txt”. 
 
Make text files with the time and the rainfall values of the climate model run 
“eu_pr_day_BNU-ESM_rcp45_r1i1p1_20710101-21001231”: 
“values_GCMRCM_2_P_scen.txt”,“time_GCMRCM_2_P_scen.txt”. 
 
7.1.4 Folder 6: Perturbed series 
The tool generates the perturbed time series in text files and stores them in Folder 6. 
Depending on choices made by the user, the text files will have different names. 
 
Tailored climate scenarios for hydrological impact analysis in Belgium: 
 Rainfall:  
If the perturbation is done at “point” scale: 
rainfall_series_1_high_winter_ impact_scenario, 
rainfall_series_1_high_summer_impact_scenario 
rainfall_series_1_mean_impact_scenario 
rainfall_series_1_low_impact_scenario 
 
If the perturbation is done at “catchment” scale, “Station” will be added before the 
index representing the number of series/stations 
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 ETo, temperature and windspeed: The naming is similar to that one of rainfall: 
“rainfall” is replaced by “ETo”, “temperature” or “wind_speed”. 
 
 
No tailored scenarios for hydrological impact analysis outside Belgium are provided. 
In that case, series for each of the climate model runs will be generated. 
 
 Rainfall:  
If the perturbation is done at “point” scale: 
rainfall_series_1_climatemodelrun_1, rainfall_series_1_climatemodelrun_2, 
rainfall_series_2_climatemodelrun_1, rainfall_series_2_climatemodelrun_2, 
 
If the perturbation is done at “catchment” scale, “station” will be added before the 
index representing the number of series/stations 
 
 ETo:  
ETo_series_1_climatemodelrun_1, ETo _series_1_climatemodelrun_2,  
ETo _series_2_climatemodelrun_1, ETo _series_2_climatemodelrun_2, 
 
 Temperature and wind speed: The naming is similar to that one of ETo: “ETo” will 
be replaced by “temperature” and “wind_speed”.  
 
7.2 Run the climate perturbation tool  
7.2.1 Installation of R and RStudio 
An installation guide for R and RStudio is provided by Torfs and Brauer (Torfs et al.,  2014 
-  see Folder 7 Documentation). 
7.2.2 Start the tool – graphical interface 
In case of the first use, open RStudio and insert following commands (see Figure 2): 
 install.packages(“shiny”) 
 install.packages(“MASS”) 
 install.packages(“abind”) 
 library(“shiny”) 
 runApp(“…/Folder 1 Graphical Interface”) 
  
In next applications, the commands can be limited to following lines: 
 library(“shiny”) 
 runApp(“…/Folder 1 Graphical Interface”) 
  
Notice that “\” in the path should be replaced by “/”.  
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7.2.3 Graphical interface: general choices to be made by the user 
Output  
 Perturbed series for each of the tailored climate scenarios for hydrological 
impact analysis in Belgium (Ntegeka et al., 2014) 
 Perturbed series for each climate model run 
 
Region 
If the tailored scenarios for Belgium are applied, the Belgian sub region needs to be 
specified. 
 Belgium – inland region:  
- If series from the inland regions of Belgium need to be perturbed. 
 Belgium – coastal region 
- If series from the Belgian coastal area (Figure 3) need to be perturbed. 
 
 
 
Figure 2 Start the tool - graphical interface 
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Figure 3 Belgian coastal area 
 
7.2.4 Graphical interface: path of the different folders 
 
The path of the folders needs to be provided where the input series, the GCM and/or RCM 
climate model results and the sources of the tool are stored and the information about the 
perturbation request and the perturbed series will be stored.  
 
Click on the buttons and select the appropriate folders.  
 
7.2.5 Graphical interface: variable rainfall 
 
Rainfall 
 When rainfall series need to be perturbed, please check box left to “Rainfall”. 
 
Spatial scale 
 Point:  
- If the different series need to be perturbed independently; no spatial 
correlation to be considered to the perturbations of the individual 
series. 
 
 Catchment:  
- If rainfall series of stations, located within the same catchment or 
subregion, need to be perturbed; perfect spatial correlation to be 
considered to the perturbations of the individual series.  
 
 Number series 
- If “point” in the “spatial scale” option is selected, several rainfall series 
with different time lengths can be perturbed at once. The number of 
rainfall series that need to be perturbed at once has to be specified. 
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 Number stations 
- If “catchment” in the “spatial scale” option is selected, please provide 
the number of stations within the catchment for which series need to 
perturbed. 
 
 Number climate model runs 
- If “Calculate PF” is selected in the general section of the interface, the 
number of climate model runs that will be considered for the calculation 
has to be specified. These climate model runs need to have results for 
both the control as the scenario period. 
7.2.6 Graphical interface: variable ETo 
For applications outside Belgium, the perturbation factors for ETo need to be determined 
from the temperature output series of the climate models. Two options are currently 
foreseen in the tool to calculate the ETo: the formula of Kay and Davies (Eq. 1; Kay et al., 
2008) or the formula of Hargreaves (Eq. 2; Hargreaves et al., 1985). For both methods, the 
latitude of the case study area should be provided. 
 
 𝑃𝐸𝑇 =
𝑅𝑒(𝑇 + 5)
𝜆𝜌𝑤100°𝐶
 (1) 
 
 
 𝑃𝐸𝑇 = 0.0023√𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛 (
𝑇𝑚𝑎𝑥 + 𝑇𝑚𝑖𝑛
2
)
𝑅𝑒
𝜆
 (2) 
 
7.2.7 Graphical interface: start 
For starting the perturbation, please click on the start button. During the calculation a popup 
window will appear and show the progress of calculation. The calculation sequence is: 
rainfall – ETo – temperature – wind speed. When the calculations are finished, a second 
popup window, similar to that one in Figure 4, will appear. Click on “No” or “Cancel” for 
closing the application. Results can be found in the assigned folders. 
 
 
Figure 4 End of the calculation 
 
  
 APPENDIX A: INFORMATION ON PERTURBATION REQUEST | 14 
8 Appendix A: Information on perturbation request 
Table 1 Stored information about the downscaling process 
 
Variable Value Meaning 
Pmodule 0 or 1 0 = no input series of the variable P, ETo, 
T, WS 
1 = input series of the variable P, ETo, T, 
WS need to be perturbed 
ETomodule 0 or 1 
Tmodule 0 or 1 
WSmodule 0 or 1 
region 0 or 1 0 = Belgium – inland region or  
other region outside Belgium 
1 = Belgium – coastal region 
targetscenyear {2020, 2025, 
2030, …,  
2095, 2100} 
The target scenario year 
numberEToseries ≥ 0 Number of ETo series that need to be 
perturbed 
numberTseries ≥ 0 Number of temperature series that need 
to be perturbed 
numberWSseries ≥ 0 Number of wind speed series that need to 
be perturbed 
catchmentscale 0 or 1 1 = perturbation of the rainfall series at 
“catchment” scale 
0 = perturbation of the rainfall series at 
“point” scale 
numberstations ≥ 0 Number of stations in the catchment  
numberPseries ≥ 0 Number of rainfall series that need to be 
perturbed  
calculatepertubationfactors 0 or 1 0 = the perturbation factors of Uccle are 
used,  
1 = the perturbation factors are calculated 
numberGCMRCMmodelsP ≥ 0 Number of climate model runs which have 
results for both the control as the scenario 
period and will be used for the calculation 
of the perturbation factors 
 
Similar text files are provided for the other 
variables (T and WS) 
numberGCMRCMmodelsETo ≥ 0 Number of climate model runs which have 
results for both the control as the scenario 
period and this for all the variables 
needed for the ETo calulation 
calculationETo 0,1,2 0 = no calculation of ETo 
1 = calculation ETo with Kay and Davies 
formula (Equation (1)) 
2 = calculation ETo with Hargreaves 
formula (Equation (2)) 
output 1 or 3 1 = perturb the input series for each 
climate model run 
3 = tailored hydrological impact scenario 
series for Belgium 
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